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AERATED, LIGHTWEIGHT BUILDING PRODUCTS 

BesmpltDoiQ 

This invention relates to building products. More 
partiouiarly aithoiigh mot exclusively it discloses an 
improved method of producing foamed masomry piroduQts 
using water based slurry mixtures. 

The term "foamed" as used tn this spccificattion relates to 
the foaming up of these water based slurries by injecttion of 
an inert gas into the mixture under specific conditions of 
the terjnaiy phase environment which will stabilise the 
cohesive amd repulsive forces in such equilibrium to create a 
homogeneous dispersion system inseparable from its 
individual phase components. 

One commonly used prior art method for producing foamed 
ot aerated building products is to disperse aluminium 
powder (with or without cellulose derivatives) into the 
cementing mixture. The aluminium reacts with the alkali in 
the slurry to release hydrogen firom aqueous solution. This 
expands the mJxttiire while hardening takes place. Other 
clliexnical agents which are sometimes used are peroxides, 
sodium and potassium hydroxide, With such existing 
methods however the chemical agents used caa be highly 
aggressive and dangerous to work with. Also tlhe resulting 
chemical reactions can affect the equilibrium of the 
cementing reaction so that special post curing procedures 
mTttst be used. These existing methods therefore tend to be 
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expensive and labour intensive. Quality control of the final 
product is also difficult. 



It is therefore an object of this invention io ameliorate the 
aforementioned disadvantages and accordingly a method of 
producing a foamed mas^onry product is disclosed, said 
method including the steps of:- 

- preparing a water based cement sluxiy mixture, 

- introducing a predetermined amount of a surface 
tensioning agent imto said mixture, 

" introducing a volume of inert gas into said mixture 
in the form of minute bubbles sufficient to fcam up 
and expand the volume of said mixture, and 

- curing, said mixture to produce a foamed product of 
predetermined density and specific gravity. 

In another aspect this invention also discloses an injector 
for dispersing gas into a wet cement slurry mixture, said 
injector comprising one or more lance nozzles of perforated 
rubber membrane, said membrane being adapted to pass 
pressurised gas through a plurality of capillary holes into 
said mixture in the form of minute bubbles and upon 
cessatioDi of gas flow said membrane being further adapted 
to close said holes to prevent backflow into said nozzles. 

By injecting and trapping inert gas in a wet slurry mixture 
in accordance with this invention and keeping it there until 
the mixture hardens a product is created which is much 
lighter. The final volumetric gravity of the material is 
controlled by the volume of solids arid liquid phase 
displaced by the gas. 
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Due to latge differences in the specific gravities of the 
three phases tiic rapid separation of one from another by the 
actioa of gravity is inevitable, unless this force is 
counteracted by other means of attiaction. This pioblem 
most affects the stabilisation of gas in ternary mixtures due 
to an approximate 1000 fold difference in the specific 
gravities of the gas and the other two phases. It can be 
partially overcome by controlling the parameters for the gas 
bubble generation environment described by the foHowing 
Laplace equatiooi 

(Pu - Pom) - 2 y/r 

This equation indicates that there are only two variables 
controlling the conditions under which gas can be restrained 
from separation in the slurry. These are the bubble size <r) 

and the Coefficient of Sujrface Tension (y) of the fluid 
surrounding the bubble. The latter is the most critical 
function in the process. 

The smaller the gas bubbles are, the greater the pressure 
differential between the inner and outer phase of bubbles 
and less gravitational buoyancy will affect the separation of 
phases. Also, the minute bubbles will support larger and 
heavier solid particles an. the mixture, essentially acting like 
small ball bearings. 

The higher the fluid surface tension is, the proportionally 
higher the pressure differential will be and the bubbles will 
tend not to agglomerate into larger sizes which have greater 
buoyancy effect. Therefore to achieve equilibrium between 
the aas and the other two phases in cementing slurry 
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mixtures the force which operates to contract the surface of 
the bubble must be increased by the addition of a surface 

85 tensioning agent (STA). The gas must also be injected in 

the form of the smallest possible bubble sizes. Fot process 
stability the injected gas and the STA must not chemically 
react with any of the slurry components. The STA must also 
be fully water soluble, In the majority of cases ambient air 

90 is a satisfactory inert gas for this application. 

The foUowing are three examples of production methods for 
mam ufactu ring foamed building products according to this 
invention. 

EXAMPLE I - The Two Part Process 

This process is suitable for fast hardening cement slurry 
mixtures containing gypsum or curing accelerators where the 
process is time restrained, The process includes three 
steps. 

(a>Preparation of fine foam which is produced separately 
with minimum amount of water mixed with the surface 
tensioning agent, 

(b) Preparation of the cementing slurry mixture with an 
empirically determined amount of water, and 

(c) Quickiy mixing together ingredients (a) and (b) and 
tlien immediately casting the mixture into moulds. 

EXAMPLE 2 - Mechanical Foaming Process 

This method is suitable for preparation of foamed mixtures 
containing small solid particles such as sand, clay or ground 
rock with cementing bindeirB. 
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The cementing sluiry tnixture is doaed with an empirically 
determined amount of a surface tensioning agent. Ambient 
air is then introduced into the mixture by a high speed 
tnechanical agitator which may be similar to a commercial 
cake mixer. The specific gravity of the product is 
controlied by measuxing the increase in volume of the known 
weight of the mixture or by sampling for specific gravity 
duiing the mixing process. 

One disadvantage of mecOtanical mixing methods is the rapid 
wear of interfacing parts of the mixer due to the abrasive 
aetion of the solid materials at the very high mixing speeds 
required. 

EXAMPLE 3 - The Gas Injection Process 

This method is most suitable for cementing slurry mixtures 
with larger sized aggregates such as concrete. However, it 
will also bo satisfactory for use in all three outlined 
methods. Inert gas is ioijected into mildly agitated (slowly 
mixed) cementing slurry via a stationary lance with a 
foaming dispenser. Mixing of the slurry during the gas 
injection operation is required to achieve a even 
distribution of suspension in the mixture. 

More specifically, after addition of the STA into the slurry 
the inert gas (e.g. air) is pulsed through a large number of 
small capillary holes with a fully submersed portion of the 
foaming dispenser. This arrangement generates large 
numbers of individual small bubbles which distribute evenly 
through the sluirry. The injected bubbles are subjected to a 
sh aring action by the mixing flow which tends to further 
cut the bubble sizes into smaller volumes. The larger the 
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140 currently preferred design of the gas dispenser is shown in 
figure 1. Specific gravity of the product is controlled by 
sampling the slurry, or by measuring the amount of gas (air) 
introduced into it. If there are no gas losses during the 
injection process then all gas will be trapped in the slurry 

145 and the measuring method becomes simple and reliable. 

Should the mixing vessel enable accurate measurements of 
the slurry volume then this method is also applicable. 

Examples of the above methods ace outlined in more detail 
in the appendix. 

150 DESCRIPTION OF THE FOAMING SYSTEM 

Referring to figure 1, compressed gas 1 is charged into a 
reducing valve 2. The gas at reduced pressure is fed into a 
solenoid controlled valve 3 which oscillates (e.g. at say 50 
Kz), Electrical safety on site is preferably achieved by the 

155 power supply voltage being reduced by the transformer 4. 
The injected gas How is measured by a flow meter 5. A 
pressure gauge 6 measures the hydrostatic head acting upon 
the gas at discharge. From the control system the gas is fed 
to a lance 7 by a connecting hose 8. The lance 7 is held in a 

160 central position by a support device 8 boiled to a shute. 

The foaming dispenser 9 must be submersed under the slurry 
mixture 10 to avoid gas discharge into the atmosphere. The 
truck 1 1 may have to reverse up a ramp 12 if the volume of 
the slurry is lovir and the foaming dispenser 9 would not be 

1(65 otherwise covered. 

The foamiing dispenser is preferably made of perforated 
strong soft rubber which disperses the gas freely when the 
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pressure difference between the supply side is higher tlien 
the outlet side. Due to the resiliency of the rubber the 
capillary holes of the dispensing device automatically close 
when the supply pressure drops below the hydrostatic 
pressure of the slurry. The dispenser as well as the gas 
supply system is thus protected against accidental blockage 
by the fine particles of the cementing mixture. This 
provides a clear advantage over capillary dispensers with 
permanently open cells. 

The dispensing volume pet single perforation in the 
dispenser maybe calculated for bubble sizes of maximum 
diameter Inim which corresponds to a volume of 0.5236 ram^ 
At the oscillating valve speed frequency of preferably 50 Hz 
the gas volume discharged through one hole will be a 
maximum of 1.37 cm' /min. Therefore to obtain a gas 
discbarge of 100 1/min at this rate 63694 perforations will 
be required, This represents at 100 holes/cm^ a dispensing 
area of 636.94 cm^ (6.37 dm^ ) . For correct ga.^ volume 
injection in relation to the final specific gravity of the 
product compensation must be made for the slurry 
temperature and average hydrostatic pressure. 

Referring now to figure 2 the feeder lance 7 is connected to 
the lance nozzle shell 13 by a joiner 14, The gas is 
discharged through a perforated rubber membrane 15. The 
number of holes in the rubber membrane determines the 
number of bubbles which will be discharged into the slurry 
mixture. The rubber membrane 15 U held in place by the 
support 16, A gas-tight joint to the rubber membrane is 
obtained by a compression seal between the joiner 14 and 
support 16. The gas discharge capacity can be increased by 
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provided that each stays submersed in the slurry. The end 
200 of the foaming dispenser is protected by a nose cone 17 
which abuts the rotating centre of the mixer. 

The concentration of the STA in cementing {slurries will 
mainly vary depending upon the cementing reaction speed 
and the amount of unzeacted water available to form the 
205 skin of the bubbles. Inversely^ the amount of excess water 
in the slurry is controlled by the stochiometric amount 
requited for the cementing (hydration) reaction and the 
surface adsorption characteristics of all soHd ingredients in 
the mixture (wetting or soaking). With higher 
210 concentrations of finer solid particles a greater amount of 
water is required to foam up the mixture! Therefore for 
each STA and each mixture having a different composition 
of ingredients laboratory tests will guide the selection of 
the optimum dose. Obviously those STA's with higher 
2iS surface tensions will be added in proportionally smaller 
amounts than those with lower surface tension 
characteristics. However, tests with water soluble STA's 
imdicate that the maximum required concentrations of STA's 
with fairly low surface tensions just above 0.1 M/m are in 
220 the order of 1% of the total weight of the cementing 

mixture. Some of the STA's with higher surface tensions 
will do the same job at conoentf ations less than 0.1%. 
Therefore in practical terms values between 1kg to 10 kg of 
STA's per 1000 kg of the product enable a safe expansion in 
225 some cases up to 4.6 times the original volume. 

Foamed building products will not support the same 
compressive load as solid building materials as the 
compressive strength is weakened by cavities within the 
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mass, FoT this reason their application should be for 
230 limited structural or non structural use. 



Durimg the process of solidification, the water in the 
mixture is gradually us^d up for the hydration reaction. 
This opens the voids in the product v'/here the bubbles 
originally occupied space among the solid particles. It 

235 results in au open cell structural formation with the larger 
solid particle distribution contained in the original 
mixtures. These foamed building products satisfy the 
physical requirements for sound absorption materiais with 
the internal resonance characteristics introduced by the 

240 open ceil structural webs* As the acoustic absorption 
characteristics of these products can be precisely 
coBitrolled, they may be used in the design of sound 
barriers, auditory chambers, theatrical and conference 
rooms, walls in high rise buiJdings and other applications 

243 where reduction of sound transmission or sound 
reverberation is important, 

Foamed building products produced from slurry mixtures 
containing higher concentrations of pulverised solids {below 
0.1 ram) will maintain the spherical shapes of bubble 
cavities in the final product during the solidification 
process. The drying up time of the unreacted excess water 
content in suich mixture wall be prolonged. These foamed 
building products harden with closed cellular structures 
without acoustic absorption properties. However, they are 
sealed for prolonged resistance against air and water entry 
into the material and have improved compression strengths 
in comparison to open cell structure materials. These 
products are more suitable for external building 
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be used as self supporting structural walls for lower 
compression strength applications. 
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APPENDIX 

The aim is to obtain a product of the Final Specific Gravity 
265 (FSG) with easy control of this parameter. Due to the fact 
that the mixture compositions can vary considerably 
depending on applications, for each case the amount of gas 
injectioni will also be different in order to achieve the same 
result. The decisive controlling factor for the required gas 
i7& volume is the injected gas temperature with the combined 

liquid+pipe backpressure and the temperature of the aqueous 
mixture at average hydrostatic pressure of the slurry where 
the gas is injected to. The calculation of the required gas 
volume at injection gas conditions ate expressed in modified 
275 equation of State: 

Ew-[FSG(2:v)l 

P2(l+0..0O3663 tl) X { } 

FSG 

GV= — ■ 

280 P10-K).003663t2) 



285 GV = Required gas volume at injection point conditions 
PI = Gas pressure at gas injection measurement point 
P2 « The average hydrostatic pressure of slurry 
FSG« The Final Specific Gravity of the LBP to be achifived 
Sw = The total weigtit of all materials in the slurry such as 

290 [Sw(solids unreactive)+ Cw(cementing reactive)+ H2OI 

Tv » The total volume of all mater»1$ in the uninflated siuny as 



Numerical infiuts into the 
Example ealculAtioa: 

PI =1000ftitnHg 

FSG= 1.2 
Zw = 4.66 tows 
Iv = ^36ln* 
tl => 20deg.C 
tl - 32deg.C 
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C(Sw/SG + Sw/SG + HjO)] 
1 1 = The gas temperatme at the iitjection point, deg. C 
t2 Th« slurry teniperatuie, deg. C- 



The mun&rical Example using the above figures. 



4.66 -(1.2x2.36) 



900(1+ 0.003663x20) x( 



} 



1.2 



GV =^ 



- t.317 of gas 



1000(1+0.003663x32) 



tneasureid at mjection point 



DESCRIPTION OF METHOD 1 

Witth teference to figure 3, the foam is prepared by minimal 
required volmme of aqueous solution with STA in the mixer 
18 using the high speed foam starter )9. The continuation 
of the foaming process is done by a variable speed foaming 
peddle system 20. The volume of foam is controlled by tke 
level detector 21. Once the desired level of foam is 
obtained the cementing slurry is prepared in the bin 22. 
The dose is weighted with a scale 23 and the slurry is mixed 
with the foam to form a homogenous mix which is then 
discharged by valve 24. The vessel is then ready for 
another batch. 

DESCRIPTION OF METHOD 2 

With reference to figure 4, the dry solids and cements are 
mixed in bin 25 and weighted with scales 26 then discharged 
into mixer 27 together with the measured water and STA 
from tank 28 via hose 29. The mixing process starts with the 
sliarty level at position 30 with the slow rotations of the 
mixing paddles 31 and gradually with the reduction df SG 
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the mixing speed is raised. The mixing is stopped when the 
expanded volume reaches the requ-tred level measured with 
325 sensor 32. Then the finished mixture at final SG is 

discharged through valve 33 with a slow agitation speed of 
the paddles 31, The system is diiven by a variable speed 
motor 34 through a reduction gearbox 35. 
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Clai ims 

The claims defining the invention are as follows: 

1. A method of producing a foamed masonry product^ 
said method including the steps of;- 

- preparing a water based cement mixture, 

- introducing a predetermined amount of a surface 
tensioning agent into said mixture, 

- introducing a volume of an inert gas into said 
mixture, in the form of minute bubbles sufficient to 
foam up and expand the volume of said mixture, and 

- curing said mixture to produce a foamed product of 
predetermined density and specific gravity. 

2. The method as claimed in claim I wherein said inert gas 
is introduced in the form of a fine foam comprising water 
and said surface tensioning agent. 

3. The method as claimed in claim 1 wherein said cement 
siurry mixture is dosed with said predetermined amount of 
surface tensioning agent and said inert gas is subsequently 
iatiroduced by high speed mechanical agitation. 

4. The method as claimed in claim 1 wherein said cement 
slurry mixture is dosed with a predetermined amount of said 
surface tensioning agent and said inert gas is subsequently 
introduced by means of a foaming dispenser while the 
mixture is mildly agitated. 
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5. The metliod as claimed in cJaim 4 wherein said inert gas 
355 is pulsed through a large number of small capillary holes in 

said foaming dispenser. 

6. An injector for dispersing inert gas into a wet cement 
slurry mixture, said injector comprising one or more lance 
nozzles of perforated rubber membranet said membrane being 

360 adapted to pass said inert gas under pressure through a 

pluraiity of capillary holes into said mixture in the form of 
minute bubbles and upon cessation of gas flow said 
membrane being further adapted to close said holes to 
prevent back flow intto said nozzles. 

365 7. The injector as claimed in claim 6 wherein said capillary 
holes are sized to disperse bubbles of no more than 1 mm in 
diameter* 

8, The injector as claimed in claim 6 or 7 whereim there are 
two or more nozzles connected end to end in series. 

J70 9. A method of producing a foamed masonry product, said 
method being substantially as described herein with 
reference to the examples. 

10. An injector for dispensing inert gas into a wet cement 
slurry mixture^ said injector being substantially ss described 
375 herein with reference to figures I and 2, 
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Fig. 2 
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Fig. 4 
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